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TEACHER MANUAL 


I. BASIC INFORMATION ABOUT THE UNIT 


Subject Area: 


Special Topic: 


Grade Level: 


Computer Language: 


Special Language 


Feature: 


Abstract: 


Biology 


Enzyme Studies 


10th -— 12th 


BASIC 


TAB 


The PH program consists of three different 
laboratory investigations dealing with the 
pH specificity of enzymes. The purpose 
of the program is to enable students to 
determine a possible explanation for pH 
specificity in an experimental, yet now 
mathematical, fashion. 


II. INTRODUCTION 


The program PH* and its related STUDENT MANUAL are not designed 
to replace the many worthwhile student experiments that can be carried 
out in the area of enzyme pH specificity (e.g., BSCS Yellow's Investi- 
gation 6-1). Rather, PH is designed to allow the student to investigate 
a possible "why" for pH specificity. 


This area of biology is highly mathematical. Since the mathematics 
is generally beyond the tenth grade study of biology, the explanation of 
a biochemical phenomenon must often be taken on faith. The PH program 
was designed to present an explanation of the pH specificity of enzymes 
in a way that would allow students to sidestep the mathematics involved. 


The PH materials outline three different laboratory investigations. 
You will probably not want to carry out all of these experiments, but 
we wanted to offer interested students further activities in this field. 
The first investigation deals with why many enzymes exhibit a bell-shaped 
curve when their activity is plotted against different pH values. The 
second exercise provides an introduction into the importance of structure 
in an enzyme. The third and last investigation deals with a specific 
enzyme, acetylcholinesterase. This enzyme was the study model for 
another HUNTINGTON TWO program, LOCKEY, and teachers looking for con- 
tinuity may want to use this exercise. 





k 
We will use the convention of capital PH when referring to the program and 
materials and the conventional pH when referring to hydrogen ion concentration. 


III. SAMPLE RUN 


HO YOU WISH INSTRUCTIONS C1=YES, %=N0)? 1 

RY HOLDS THAT THR REHOULOR OF FNZYMFES IS 1 PART 
S FUNCTION OF THE TYPES OF 4MINO ACINS OT THF ACTIVE SITE. 
THIS PRAGRAM ALLOYS YOU TO SET THR N'MRER AND TYPF OF 
LONTZARLE AMINO ACTDCS) PRESENT. 


TO 4e REAL FNZYMES 


THE SCTIVF SITE?" 
ROM 4 
WO AMINO ACENS 

7h! 


ARF THOUGHT TO HAYF 
PRESENT, RUT TRY DT 


TURN TH™ COMPUTER WILL AS: 
TAMING 4CTD 1 ---- COnF NOL? 
YOU CAN INPUT THR CODE VUMBER FOR ANY OF THR FOLLOVING AMTYO 
CODE NAM R<CROUP OF 4MINO Attn 
1 ASPSRTIC 4CIN -fy4e-cq04 
2 GYSTFINE “49-54 
2 GLUTAMIC ACIN  -CHe-n4e-r4n0H 
4 TYROSINE ~CH2-C46H4-0H 
NO 
t 
5 ARGINIVE -(H9-0HO-CHO-N Y= CaN 
6 HUSTINIVE ~SY9-C Ayer? 
7 AYSINE ~C4YP-CH9- CHR CUDA yO 


AMINC SCINS 1-4 ARE CALLED ACIDIC AMINO ACIDS 

AMINO ACTDS 5-7 SRE RASIC  . 

AY TEYIYG ACIDIC A¥D MASTC AMINO ACIMAS SEPARATELY AND 1 
COMRTINATION YOU CAN DEVELOP TYPICAL PH PATTERVS FOR FVZYMFS. 


“he! 


HOW MANY IONIZABLE AMINO ACIDS AT ACTIVE SITE CUP TO 4)? 2 


AMING ACID |= «««<— CODE NOet 4 

SHOULD IT BE CHARGED C1=YESs A=NO0)? 1 
AMING AGI 2 e-<\-CUre NOs yt 7 

SHOULD IT BE CHARGED CI=YES»s %4=N0)? 1 


PH RANGE FOR THIS EXPERIMENTS 
LOWER LIMIT? 7 
Vrren Usmit? £3 


RELATIVE ENZYME ACTIVITY 
6) 14 2a 39 AG 54 69 79 89 94 149 


PH Tern n [er nn Lorn n Lowen [owen [er en Loren [owen [oene [orn] 
7 I* 
I* 
| I* 
I * 
9 I * 
I # 
if = te 
I * 
11 I * 
I * 
12 I* 
Ix 
is = t* 


IV. INSTRUCTIONS FOR RUNNING PH 


The PH program requires inputs to the following questions: 


1) DO YOU WISH INSTRUCTIONS (1=YES, @=NO)? 


2) 


3) 


4) 


5) 


If the students have studied this material, instructions would be 
time-consuming and unnecessary. Many teachers may wish to delete 
lines 199 -24@ and lines 309 -430 to eliminate the instructions. 


CODE LIST (1=YES, @=NO)? 


While the code list is handy, it too. is duplicated in the STUDENT 
MANUAL. Those teachers wishing to eliminate both instructions and 
the code list can delete lines 19% - 609. 


HOW MANY IONIZABLE AMINO ACIDS AT THE ACTIVE SITE (UP TO 4)? 


For INVESTIGATION #1.the student will choose either 1 or 2. In general, 
the more amino acids chosen, the more restricted will be the resulting 
pH range of the enzyme chosen, 


AMINO ACID 1 ---- CODE NO.? 


The input here is a number corresponding to a particular amino acid. 
Each amino acid and its corresponding number can be found on the 
code list. 


(WOTE: The order of the code list is semi-alphabetical, with all acidic 
amino acids listed first. Order does not denote "strength" or any 
other chemical property.) 


SHOULD AMINO ACID BE CHARGED (1=YES, @=NO)? 


This question is the most difficult for students to understand. It 
means: "Should the amino acid just named by code be in a charged con- 
dition if the enzyme is to have catalytic activity?" For INVESTIGATIONS 
#1 and #2 the answer to this question is always assumed to be "yes," 
This question is, at least at this point, both for INVESTIGATION #3 


and for the interested student who may want to investigate the PH 
model further. 


(NOTE: If the answer to Question #3 was 2 or more, the program will 
jump back to Question #4 until all amino acid information is inputted.) 


6) PH RANGE FOR THIS EXPERIMENT 


LOWER LIMIT? 
UPPER LIMIT? 


When the student has an idea as to when a change in activity will occur, 
he can shorten the output by narrowing the pH range for the experiment, 
If your students are just beginning, it is best to encourage them to 
use 0 to 14 (or at least 2 to 12). 


Graphical Output 


Since the PH model is based on many approximations, a graphical output 
is both more honest and more comprehensible. You may want to have your 
students connect the points of the graph to improve visibility, especially 
if the whole class will be observing these results. 


V. USING PH IN THE CLASSROOM 


Most biology students are taught that enzymes operate best only at cer- 
tain pH levels, and this knowledge is essential for understanding certain 
phenomena such as the functioning of the human digestive tract. It is very 
difficult to teach why most enzymes show a pH optimum, however, without intro- 
ducing mathematics too complex for most tenth graders. PH was designed in an 
attempt to answer this question without introducing the underlying mathematics. 


A. Preparation 


The following concepts are important for a student's. understanding of 
the PH program: 


> protein structure 
> the nature of a catalyst 


> the idea that amino acids can pick up a positive (+) 
or negative (-) charge (acidic and basic amino acids). 


> the active site of an enzyme (see p. 5, RESOURCE MANUAL). 


Materials you should have on hand while using PH: 


> Copies of pp.1-3 of the STUDENT MANUAL, with names, 
structures and codes for the acidic and basic 
amino acids, 


> Tape or tacks to hang up graphical output after each 
run. (If you use a fresh ribbon in the teletype, 
most students should be able to see the — 
from their seats.) 


B. Hints for Using PH 


1) As a classroom tool 


a) Run INVESTIGATION #1, as described in the STUDENT MANUAL, 
before class. PH allows combinations of amino acids that 
probably would not function in nature. These combinations 
will yield poor results. 


b) Teletypes are fun, Allow the student asking the "What if?" 
question to input the proper information. 


c) Since complete graphical output may take a few minutes on 
some systems, have students hypothesize about the results, 
under the assumption that the enzyme is active only when 
all the amino acids are ionized: "What shape will the 
activity graph have?" or "Will the activity be greater 
or lower at pH 72", etc. 


d) Bring up the example of leuctne aminopeptidase (see p.6, 
RESOURCE MANUAL), an enzyme that doesn't have a single 
pH optimum, and have the students explain why this enzyme 
doesn't show a bell-shaped curve when its activity is 
plotted against different pH values. 


2) As a laboratory 


Many teachers have found it easiest to use computer-oriented 
exercises with part of the class while carrying out a related 
laboratory for the rest of the class. This doubles the exposure 
the individual student can have, especially if you have access 
to only a single teletype. In addition, this approach tends to 
make the students rely more on themselves and the STUDENT MANUAL, 
as you may be busy with those students carrying out the alternative 
laboratory. Some suggestions for alternative labs that would work 
well with PH include the BSCS Yellow Investigation 6-1, BSCS Blue 
Investigation 6-4, or S-15. Most other lab books also contain 
enzyme investigations. 


If this approach is not possible, you can still use PH, 
since students should be able to learn by observing the results 
of different runs. 


INVESTIGATION #1 - This investigation develops most of 
the key concepts, including the nature of enzyme patterns, 
the role of amino acids at the active site, and the 
importance of the number and types of amino acids present. 


There are three parts to this investigation. If all three 
parts must be carried out in the same laboratory session, 
it would be advisable to have students break up into 
groups of 2 or 3, with 1/4 of the groups assigned to 
Experiment 1, 1/4 assigned to Experiment 2, and the 

rest of the group assigned to Experiment’ 3. By careful 
organization of groups, it should be possible to cover 
every possibility within a double-period laboratory 
session (or over two days). 


When each group of students has finished at the computer 
teletype and made observations on the outputted data, 
have them hang up their output, carefully noting the 
number and types of amino acids used, so that other 
groups might also observe the results. This technique 
should enable students to arrive at the answers to all 
the follow-up questions for the investigation. 


INVESTIGATIONS #2 and #3 - These two experiments require 
either a great deal of trial-and-error work or previous 
experience with INVESTIGATION #1; therefore, it is not 
advisable to attempt either #2 or #3 with whole class 
groups. These investigations have been included in the 
STUDENT MANUAL (rather than in the RESOURCE MANUAL) for 
the benefit of interested students or groups of students 
who are working on their own. 


3) With individuals or small groups 


If you have computer facilities available to you over long 
periods of time, an individualized approach to PH will give the 
Student maximum investigative experience. PH has been designed 
so that there is seldom a single correct solution; an organized 
experimental approach, however, will usually give the best results 
in a minimum of time. If time is not a major problem, we recommend 
your students work through all three investigations. 


As far as background material is concerned, you may want to 
provide those students working on their own with appropriate 
readings rather than lecturing to them; the RESOURCE MANUAL is 
keyed for this purpose. The information contained in the back- 
ground readings in addition to the basic material in a standard 
text should be sufficient for these students to run PH. 


VI. KEY FOR STUDENT INVESTIGATIONS AND FOLLOW-UP QUESTIONS 


INVESTIGATION #1 PATTERNS OF ENZYME ACTIVITY 


Experiment 1 WHAT PATTERN OF ENZYME ACTIVITY WOULD BE EXPECTED 
IF AN ENZYME HAD ONLY ONE CHARGED ACIDIC AMINO 
ACID AT ITS ACTIVE SITE? 


Correct Inputs (You may wish to check the student's INPUT SHEET either 
before or after carrying out this laboratory) 


Correct Inputs 
NO. OF IONIZABLE AMINO ACIDS? 1 


AMINO ACID 1 ---- CODE NO.? 1,2,3 or 4 


SHOULD IT BE CHARGED (1=YES, @=NO)? 1 





PH RANGE FOR THIS EXPERIMENT 
(Other numbers may be used 
LOWER LIMIT? Hy) here; for example, to save 
time, 2 to 12 might be used.) 





UPPER LIMIT? , 14 





Sample Output - For amino acid #1 (aspartic acid) assuming charged 
condition necessary for enzyme activity: 


RELATIVE ENZYME ACTIVITY 
Q@ 1s BM BO an AOe te eS OS 6BL iA T06steBavissea . 199 


ds ee ee ee ee es ee ee ee ees 


a I * 
I * 
1 I* 
I * 
ed I* 
I * 
3 | * 
T * 
ft I * 
T 
5 I me 
T “te 
6 I * 
I ote 
7 I ke 
T * 
FA I se 
I ok 
9 I she 
I a 
ee 4 
I * 
11 [ “ 
T “Kk 
| aes * 
I x 
ee, eee * 
I ot 
ra * 


Other Possible Solutions for Experiment 1 


An enzyme containing: 


amino acid #2 (cysteine) will show low activity in a pH range of 0-7, 
and high activity in a pH range of 9-14; 


amino acid #3 (glutamic actd)will show low activity in the range 0-3, 
and high activity in the range 5-14; 


amino acid #4 (tyrosine) will show low activity in the range 0-9, 
and high activity in the range 11-14. 


Student Question for Experiment 1 


IN WHICH PH RANGE, 0-7 or 7-14, WOULD AN ENZYME THAT REQUIRES 
ONE CHARGED ACIDIC AMINO ACID WORK BEST? 


Answer: The specific pH's at which the enzyme might operate 
best depends on the nature of the amino acid at the 
active site. All acidic amino acids tend to be 
ionized at high pH values, however, so that if the 
enzyme requires this ionization for activity, it 
would operate best in the range 7 to 14, 


Additional Run for Experiment 1 


HOW MANY IONIZABLE AMINO ACIDS AT ACTIVE SITE we 20 8371 


AMINO ACID 1 -==\ CODE NO.? 4 
SHOULD IT RE CHARGED (1=YESs 9=NO0)? 1 


PH RANGE FOR THIS EXPERIMENTS 
LOWER LIMIT? 7 
UPPER LIMIT? 13 


RELATIVE ENZYME ACTIVITY 
a 13 20 349 AD of 69 79 BA 99 1A9 


PH Powwn [anna [enna [amen [oon s Lowman [aeen [owen [ ceca fecnn] 
7 Ix 
: Tx 
8 I* 
: Se 
9 if * 
I oe 
io * 
I ‘k 
11 I ok 
I ok 
ee | * 
I * 
ik GS * 


10 


INVESTIGATION #1 


Experiment 2 WHAT ENZYME ACTIVITY PATTERN WOULD BE EXPECTED 
FOR AN ENZYME THAT REQUIRED ONE CHARGED BASIC 
AMINO ACID AT THE ACTIVE SITE FOR ENZYME ACTIVITY? 


NOTE: Explanation of the computer inputs are in the 

baa aa ° STUDENT MANUAL only under Experiment 1. If the 
students have not carried out Experiment 1, they 
should read the STUDENT MANUAL for that experiment. 


Correct Inputs 


NO. OF IONIZABLE AMINO ACIDS? 1 
AMINO ACID 1 ---- CODE NO.? ma OO. 2 


SHOULD IT BE CHARGED (1=YES,@=NO)? 1 
PH RANGE FOR THIS EXPERIMENT 


LOWER LIMIT? 7 
sg) les See eee ee eee |. eee 


Sample Output-- For amino acid #6 (histidine), assuming ionized condition 
necessary for enzyme activity: 


RELATIVE ENZYME ACTIVITY 
4) 1A AY 39 AA 59 69 79 BO 99. 140 


es ee ee ee ee ee ee ee ee 


iG) I * 
if * 
1 I ** 
T He 
2 I * 
T * 
3 I * 
I ste 
A T * 
T te 
5 I fe 
ii a 
6 I fe 
I Bs 
7 I * 
i * 
8 I a 
I * 
9 T* 
I* 
if «6 * 
I* 
11 I* 
I * 
12 fs 
tx 
io. +e 
I* 
14 [x 
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Other Possible Solutions for Experiment 2 


An enzyme containing: 


amino acid #5 (arginine) at its active site will show low activity in a pH 


range of 3-14 and high activity in range 0-2; 


amino acid #7 (lysine) at its active site will show low activity in the 
range 11-14 and high activity in range 0-9. 


Student Question for Experiment 2 


OVER WHICH PH RANGE, 0-7 or 7-14, SHOULD AN ENZYME THAT REQUIRES 
ONE CHARGED BASIC AMINO ACID WORK BEST? 


Answer: Just as with acidic amino acids at the active site, there 
is variation in behavior from amino acid to amino acid; 
but we should expect such an enzyme to be active at 
pH values 0 = 7. 


Additional Run for Experiment 2 


HOW MANY IONIZASLE AMINO ACIDS AT ACTIVE SITE CUP TO 4)? 1 


AMINO ACID £ ewe-- CODE NO? 7 
SHOULD IT BE CHARGED C1ISYESs %4=N0)? 1 


PH RANGE FOR THIS EXPERIMENTS 
LOWER LIMIT? 7-5 
UPPER LIMIT? 12<5 


RELATIVE ENZYME ACTIVITY 
4 19 29 34 AA 23 69 79 BA 99 199 


0: ee ee ee ee ee ee eos 


I we 
8 I ste 
I a 
9 I * 
I ok 
oe « 
I oh 
11 I oe 
I * 
12 [x 
I * 
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INVESTIGATION #1 


Experiment 3 WHAT PATTERN OF ENZYME ACTIVITY WOULD BE 
ASSOCIATED WITH AN ENZYME THAT REQUIRES TWO 
CHARTED AMINO ACIDS AT THE ACTIVE SITE, ONE 
ACIDIC AND ONE BASIC? 


NOTE: It is.necessary for the students to read 
Experiment 1 before attempting this 


experiment. 
Correct Inputs 
NO. OF IONIZABLE AMINO ACIDS? 2 
AMINO ACID 1 -—---— CODE NO.? bg v2 jic3 ce 4 


SHOULD IT BE CHARGED (1=YES, 9=NO)? 1 


PH RANGE FOR THIS EXPERIMENT 


LOWER LIMIT? d 
UPPER LIMIT? 14 





(See Sample Output on following page.) 
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FOLLOW-UP QUESTIONS FOR INVESTIGATION #1 


1) 


2) 


3) 


4) 


At what pH values (high or low) are the acidic amino acids charged? 


The acidic amino acids are generally charged at high pH values. 
This is because at high pH values there are few hydrogen ions 
but many hydroxide ions in solution, causing the hydrogen to 
be removed from the side groups of these amino acids, leaving 
them with a net negative charge. 


At what pH values (high or low) are the basic amino acids charged? 


The basic amino acids are generally charged at low pH values. 
This is because at low pH values hydrogen ions are in excess, 
an unbalanced situation which moves toward equilibrium by 
the addition of hydrogen ions to the basic amino acids, 
leaving each amino acid with a net positive charge. 


Pepsin works best only at low pH values of 1 or 2. What type(s) 
of charged amino acids might be found at its active site? 


Since we are restricting our answer to amino acids carrying 
a charge, there would have to be a basic amino acid at the 
active site, since at these extremely low pH values only 
basic amino acids are charged. 


Most enzymes in living cells work best around a pH of 6, 7 or 8 and 
do not work at all in very high or very low pH's. What kind(s) of 
amino acids might cause this behavior? 


There are several correct answers for this question. The 
most likely response, considering the results of this 
investigation, is that at least one acidic and one basic 
amino acid must be present at the active site. Another 
correct answer to this question would be two acidic amino 
acids at the active site, one charged and the other 
uncharged. There are other correct solutions and the 
best test of an answer would be a run of the PH program. 
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Other Possible Solutions for Experiment 3 


There are 12 different solutions for this experiment. In general, they 
will exhibit bell-shaped curves with various degrees of extent. A few com 
binations will exhibit no activity. 


Student Question for Experiment 3 


WHAT GENERAL PATTERN OF ACTIVITY CAN BE EXPECTED FOR AN ENZYME 
WITH TWO IONIZED AMINO ACIDS AT ITS ACTIVE SITE, IF ONE IS 
ACIDIC AND THE OTHER BASIC? 


Answer: Activity is usually displayed in the middle pH region 
with little or no activity at the acidic and basic 
extremes. In general, the curve can be called 
bell-shaped. 


Additional Run for Experiment 3 


HOW MANY IONIZARLE AMINO ACIDS AT ACTIVE SITE CUP TO 4)? 2 


AMINO ACID 1 -«<«#«= CODE NOw? 2 

SHOULD IT BE CHARGED (1=YESs 4=NO0Q)? 1 
AMINO ACID 2 e#--= CODE NOe? 7 

SHOULD IT BE CHARGED ¢(1=YESs %=NQ)? 1 


PH RANGE FOR THIS EXPERIMENTS 
LOWER LIMIT? 6 
UPPER LIMIT? i2 


RELATIVE ENZYME ACTIVITY 
9 19 ag 39 49 a1, 64 74 BY 99 149 


PH = [wee-[----[----1----1----1----1----1----1[----[----1 


6 I x 
t > 
7 a 
I * 
& T * 
* 
9 I ok 
I oe 
Se ee *k 
I 4c 
il I * 
I ok 
12 I* 
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Sample Output - Using amino acids #1 (aspartte acid) and #6 
(htsttdine) and assuming ionized condition 
of both necessary for enzyme activity: 


RELATIVE ENZYME ACTIVITY 
a) 19 2G 34 44 59 64 TA RA 96° «61 45 


PH 0 [enna [---- 1 ---- en 2 1-22 eee - [eee [2 1 ---- 1-H 


a) I* 
Ik 
1 I* 
I * 
2 [x 
1&3 
3 I x 
I k 
ft I of 
{ * 
fe I ste 
I * 
6 I * 
I * 
7 I * 
if * 
& I * 
Bae 
9 Ix 
I * 
1a I 
I* = 
11 I* 
I* 
12 I[* 
I* 
i Bee FL 
T* 
14 I* 


14 








INVESTIGATION #2 EFFECT ON ENZYME ACTIVITY OF THE NUMBER OF 
IONIZABLE AMINO ACIDS AT THE ACTIVE SITE. 


There is no single solution to any of the experiments in this investiga- 


tion. For this reason many teachers will want to avoid this investigation 
with large groups. 





| 

|Experiment 1 IS THERE MORE THAN ONE COMBINATION OF 
TWO AMINO ACIDS THAT WILL PRODUCE A 
MAXIMUM ACTIVITY IN THE RANGE OF pH 7? 


Due to the large number of combinations possible (over 150), there 
are very likely many amino acid combinations that yield maximum 
activity in a pH range of 7. 





For Experiments 2 and 3, let students work with any of these eligible sets 


of amino acids. These amino acids may be in the charged or uncharged 
states. 





en ee a ee ree 


Experiment 2 WHAT IS THE EFFECT OF ADDING A THIRD AMINO | 
ACID AT THE ACTIVE SITE? | 


It depends on the type of amino acid added; usually, the addition | 
of an amino acid of the same type as one of those already present | 
will have the least effect. | 


For this experiment, let the students add any of the seven amino acids 


available, in either the charged or the uncharged state, to satisfy the 
catalytic requirement. 


Experiment 3 WHAT IS THE EFFECT OF ADDING A FOURTH AMINO 
ACID AT THE ACTIVE SITE OF AN ENZYME, ASSUMING 
THAT ACTIVITY IS MODERATE TO HIGH WITH THREE 
IONIZABLE AMINO ACIDS PRESENT? 


In general, the greater the number of amino acids, the more 
restricted the pH range in which an enzyme is active. 
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FOLLOW-UP QUESTIONS FOR INVESTIGATION #2 


1) All other factors being the same, does the addition of another 
ionizable amino acid improve the activity of an enzyme? 


No; in general the addition of another amino acid lowers 
activity and narrows the range of activity. (See the three 
sample runs for this experiment.) 


2) Why might a certain enzyme have three or four ionizable amino 
acids at its active site? 


If three or four were required for catalytic activity, they 
would have to be present or no catalytic activity would 
result at all. (Note: This is an aspect of PH which can 
lead many students astray. You may wish to emphasize this 
in your classroom follow-up.) 


3) While knowledge of the detailed structure of most enzymes is 
still lacking, there are indications that most enzymes have 
only one or two ionizable amino acids at the active site. 

Why might this make sense from the investigation that you just 
carried out? 


One of the conclusions the student might come to from this 
investigation is that the addition of a third or fourth 
amino acid is disadvantageous, unless there is a good reason 
for the presence of the extra amino acid(s). (Some genet- 
icists have begun to use this idea as a basis for molecular 
evolution.) 


4) Assume that an enzyme works well with two ionizable amino acids 
at the active site. If an animal were born with a mutation that 
caused a third ionizable amino acid to be placed at the active 
site, what would be the chances that the mutation would be passed 
on? WHY? 


This is an open discussion question. Some of the above ideas 
may play an important role in the ultimate decision (or lack 
of one) by your class. 
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INVESTIGATION #38 INVESTIGATION OF THE ACTIVE SITE 


OF THE ENZYME ACETYLCHOLINESTERASE. 


NOTE: Additional background materials on the enzyme acetylcholinesterase 
may be found in the materials for the HUNTINGTON TWO program LOCKEY. 


_ GIVEN (1) THAT THE ENZYME ACETYLCHOLINESTERASE 
IS KNOWN TO HAVE A pH OPTIMUM IN THE AREA OF 
8.5 to 9, AND (2) THAT THERE ARE THOUGHT TO 
BE TWO IONIZABLE AMINO ACIDS LOCATED AT THE 
ACTIVE SITE (ONE CHARGED AND ONE UNCHARGED) , 
WHAT TWO AMINO ACIDS ARE RESPONSIBLE FOR 
THE ENZYME'S pH BEHAVIOR? 


Since there are many experimental approaches that might be taken in 
this investigation, no specific directions have been given. Students might 


find the additional background material in the RESOURCE MANUAL helpful in 
determining a method of approach. 


A Sample Approach to INVESTIGATION #3 


The following approach is only one of several that should prove 
successful: 


1) First determine the characteristics of each amino 
acid: when it is ionized, when it is un-ionized, etc. 


2) Discard from consideration all amino acids that 
undergo ionization change in a region other than 
near pH 9; these amino acids are unlikely to 
produce an optimum in the proper range, as 
shown by the results of INVESTIGATION #1, 
Experiment 3. 


3) Investigate the combined properties of remaining 
amino acids, when one amino acid is ionized and 
the other un-ionized (not charged). 


4) Select as the most probable choice the pair that 
produce an optimum near pH 8.5 to 9 and that meet 
the requirements noted in the background materials. 


5) Also examine other possible combinations that have 
an optimum around pH 8.5 to 9. 


19 


A Possible Solution 


Using a mathematical procedure similar to that carried out by the pro- 
gram PH, biochemists have come up with the most probable ionizable amino — 
acids at the active site of acetylcholinesterase: 


Site A: eystetne in the charged condition 
Site B: tyrostne in the uncharged condition. 
The following graph produced by the PH program will confirm that the 
presence of cysteine in a negatively charged state and tyrosine in an a 
uncharged state produces a pH maximum in the proper range and meets the ' 


requirements noted in the background materials. 


Instructors with a knowledge of catalytic mechanisms may recognize 
this state as being favorable for acid-base catalysis. 
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Graphical Output for this Solution 


HOW MANY TONIZARBLE AMINO ACIDS AT ACTIVE SITE CUP TO 4)? 2 


AMINO ACID 1 . ---= CODE.NO-.? 2 

SHOULD IT RE CHARGED (1=YESs @=NO)? 1 
AMINO ACID 2 .---- CODE. NQs? 4 

SHOULD IT BE CHARGED C1=YES» S=N0)? 9 


PH RANGE FOR THIS EXPERIMENTS 
LOWER LIMIT? & 
UPPER. LIMIT.2:.94 


PH 
Gj 


1 
2 
3 


4 


13 


14 


NOTE: 


RELATIVE ENZYME ACTIVITY 

G- -'8 —96 - Se 49. 59 60 Fa Be ae 14008 

[o---[----[----1----[----[---- [----1----1----1----1 
Ix 
Ix 
Lx 
I* 
Lx 
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I 
Lx 


fom 
* 


mt eet 
* 
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There may be other solutions. Certain biochemists have suggested the 
use of histidine. You may want to examine this possible solution your- 
self, or have one of your students work with this possibility. 
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FOLLOW-UP QUESTIONS FOR INVESTIGATION #3 


1) Should the amino acid at site A be acidic or basic? WHY? 


The amino acid at site A should be acidic. In the background 
materials it was noted that the amino acid at site A was 
thought to carry a negative charge. Only an acidic amino 
acid is likely to develop a negative charge through the loss 
of a hydrogen ion. 


(For your information this deduction, in part, came from 


noting the nature of the substrate. Acetylcholine, the | 
natural substrate, has a positive charge in the equivalent 
location.) 


2) If there were no ionizable amino acid at site B, what would 
the sketch of the activity curve look like? 


In this case the activity plotted against pH would show low 
activity in the basic pH range, assuming site A contained 
an acidic amino acid that had to be in the charged state 
for catalysis. 


(Note: If another answer were given for Question #1 above, 
the response to this question would also be different.) 


3) If there were an uncharged ionizable amino acid at site B, 
would it be acidic or basic? WHY? 


If the student has used an ionized (charged) acidic amino 
acid at site A, then he must use an uncharged acidic amino 
acid at site B. If a basic amino acid is used, a broad 
range of pH optimum generally results. (There are some 
solutions that make use of basic amino acids, however.) 

4) What amino acid(s) is probably at site A? 
Scientists think cysteine most likely. 

5) What amino acid(s) is probably at site B? 


Tyrosine seems to be the most likely choice. 


6) Are there any other combinations of amino acids (charged or uncharged) 
that might produce maximum activity at or near pH’°8.5? 





There may well be, since the PH program alone allows over 
2500 combinations of amino acids. 
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